粘土の弾粘塑性構成式と軟弱地盤の変形解析 by Mimura, Mamoru
Title
ELASTO-VISCOPLASTIC CONSTITUTIVE MODELING
FOR CLAY AND DEFORMATION ANALYSIS OF SOFT










MODELING FOR CLAY AND DEFORMATION
















THEORETICAL STRUCTURES OF ELASTO-VISCOPLASTIC











Inviscid Models (Critical State Energy Theory)
Development after 1970's









CHAPTER 2 Effects of Strain Rate on Undrained Stress-strain
















Modified Cam Clay Model
Pender Model
Adachi and Oka Model
Sekiguchi Model
Undrained Triaxial Compression Tests under the Condition
of Constant Rate of Strain


















Theoretical Structure of the Elasto-Viscoplastic Model
3-2-1. 
3-2-2.
General Remarks on the Adachi and Oka Model
Description of Undrained Creep by Adachi and
Oka Model





Interrelation of Undrained Strength and the
Viscoplastic Parameter
Variation in the Viscoplastic Parameter
Formulation Taking into Account Variation in the
Viscoplastic Parameter
Undrained Creep - Acceleration Creep Process-
















Non-stationary Flow Surface Model and Adapted
Overstress Model
Creep Equations for Both Models
Condition of the Onset of the Acceleration Creep









CHAPTER 4 Bearing Capacity and Plastic Flow of a Rate-









Theoretical Features of Undrained Creep Rupture
Coupled Stress-Flow Analysis in Terms of Finite Elements
4-3-1. 
4-3-2.







Effect of Loading Rate on Undrained
Bearing Capacity
Effect of Stress Redistribution on
Undrained Creep Rate















CHAPTER 5 Conclusions 77
PART 2
NUMERICAL INVESTIGATION ON STRESS-DEFORMATION





Scope of the Study
79 
80
CHAPTER 7 Effects of Partial Drainage on the Lateral






Elasto-Viscopastic Finite Element Analysis






Distribution of Lateral Displacements
Partial Drainage as Affected by Embanking Speed
Effects of Partial Drainage on Lateral Soil
Movements

















The Deposits of Soft Soils Selected
















CHAPTER 8 Deformation Analysis of a Reclaimed Marine











General Condition of Koshien Reclaimed Land
Determination of Soil Parameters
Process of Revetment Construction and Reclama-
tion































CHAPTER 9 Numerical Investigation on the Deformation of













Location and disaster of the South Breakwater
Geological Conditions
Deformation Monitoring of the Foundation




Finite Element Modeling and Soil Parameters






Settlement Profiles of the Seabed
Time-Settlement Performance of the Seabed
Long-Term Settlement of the Foundation
Lateral Displacement Profiles
Effective Stress Path





































































































































































































































































































































































































































































































































































































































































㏄ Cs M D eo
0.856 0.124 1.28 0.109 1.28
α ?
?
? G m1 C








































































































































































































































































〆r五 噂●「合 一噌鴨古 ●一か 噂一「κ

























































































alculaしedexperi皿ent=、 .口 ＼ △
£1:1、ll・'・・＼ 爵








































































































































































































































































































































































































































































































































































































































































































































































'、 ・一 ・一 ・_ ._._._ ._._。 堕 盤_。__
・
.



































































































































































































































































































































































































































































































































































































































































































































































































































































μ(ガ='仰1μ 毎 一μ(訳ノ (4-9)
Here,{ムぴ}and{ム ε}aretheassociatedsetsofeffectlvestresslncrements
andstrainincrements,and[C¢P]standsfbrtheelasto-viscoplasticcoefficient
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Fig.23T㎞eSettlementPerfbrmance(SectionC);(a):Settlement
PlateNo.1,(b)SettlementPlateNo.2,(c)SettlementPlateNo.3
(d):SettlementPlateNo.4
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avoidbeingbadlya伽ctedbywavesortides.㎞ediate㎝dsubsequent
settlementoccursduetothislocalizedloadingandinduceddisturbanceof
血eseabedmatehals,whicharea㎞ost㎞possibletoevaluatequantitatively
bythenumericalanalysisperformedhere.Accordingtoprivate
co㎜ 皿icationwi山theengineerwhodealtwi舳eac加alconst皿ctionof
thebreakwater(Hamada,1989),somesettlementplatesweresetby
excavatingtheoriginalmarinefbundationgroundandredumpingrubbIe
ontheseabedtofixthem,andotherswerefixedbydroppingnlbbleafter
settingthemontotheoriginalmarinefoundationgroundwithoutany
excavation.Consideringthesefactsandthee脆ctsofwavesandtides,itis
concludethatthecalculatedperfo㎜ancecanwellevaluatetheactual
defbrmationofamarinefoundationsu切ectedtobreakwaterconstnlction.
9-5-2.LateralDisplacementProfileswithDepth
Acomparisonofthecalculatedandmonitoredlateraldisplacement
profileswithdepthforSectionBareshown㎞F∫8∫.24rのandrわノ.Inthese
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Fig.24ProfilesofLateralDisplacementwithDepth(SectionB);
(a):IhclinometerNo.1,(b):IhclinometerNo.2,
(1:Covering,2:CompletionofConstmction)
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figures,1indicatesthet㎞eduringwhichthecove血gon山eseasidewas
constructedand2indicatesthet㎞ewhenthebreakwaterconstnlctionwas
completed.Themonitoredlateraldisplacementprofilemeasuredby1刑,
113metersseawardffomthecenterlineofthebreakwater,isshownin
、F'8.24rのtogetherwiththecalculatedpe㎡omlance.Thecalculated
perfo㎜ancecanevaluatethemonitoredresultsatthetimethecovedng
wasequippedtosomeextent.However,theshapeoftheprofilesis
completelydifferentatthecompletionofthebreakwaterconstruction;that
is,themonitoredlateraldisplacementisrestrahledattheseabedpeakingat
adep山ofC。 肌.-27.3meters,whereas血ecalculatedpe㎡o㎜anceshows
acomparativelylargelateraldisplacementattheseabed.IhF'8.24rわ,,the
calculatedandmonitoredlateraldisplacementprofilesfor12>2,55meters
seawardfromthecenterlineofthebreakwater,bothshowagood
agreementforwhenthecoveringwasequippedandatthecompletionof
thebreakwaterconstruction.Acomparisonofthecalculatedandmonitored
lateraldisplacementprofileswithdepthforSectionCareshowin」F∫85.25
での,rわ,andで の.Inthesefigures,1indicatesthetimewhenthenlbble
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moundwasfo㎜edontheharborsideand2indicatesthetimethe
breakwaterconstmctionwascompleted.Assho㎜inF∫8∫.25ωandrわ ノ,
thecalculatedperfbmlancecanqualitativelypredictthemonitoredprofiles
withaslightoverestimationof刀>10ntheseaside,andincontrast,witha
slightunderestimationof刀V20ntheharborside.Themonitoredlateral
displacementprofileherediffbrsffomthatofthecalculationfbrZ〈13,90
metersharborsidefromthecenterlineofthebreakwater.Accordingto
themonitoredresults,therestrictionef驚ctofthenlbblemoundonthe
lateralgro㎜dmovementisstrongerthan山atevaluatedbyFEル1.Fu曲er
studiesshouldbeconductedonthisrestrictioneffectwhichalsoappears㎞
theresultsforSectionB(F∫8.24ω)inordertoclarifythemechanismof
lateralgroundmovementduetoof殆horeconstmction.
9-5-3.MaximumSettlement-LateralDisplacementRelations
Thestab丑ityofthema血efoundationisinvestigatedinthissection,
inte㎜softhemaximumsettlement-lateraldisplacementrelations
proposedbyTominagaandHashimoto(1974).Themax㎞umsettlement
measuredby∫P2andthema翼im㎜1ateraldisplacementmeasuredby1醐
inSectionBareplottedwiththecorrespondingcalculatedperfo㎜ancein
、F'8.26.Firstly,thesettlementtookplacewithoutanylateraldisplacement.
Then,lateraldisplacementbegantooccurwithsubsequentadvancementof
thesettlement,andthedegreeofsettlementtolateraldisplacement
increasedasthebreakwaterconstnlctionadvanced.Thismeansthatthe
MAX.
0
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Fig.26Se賃lementLateralDisplacementPerfb㎜ance
(SectionB)
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marinefoundationbecamestable.Withthesemonitoredresults,wecan
concludethatthemarinefoundationgroundhassafelydefbmledduringthe
breakwaterconstnlction.
Comparingthemonitoredresultswiththecorrespondingcalculated
pe㎡o㎜ance,themonitoredandcalculatedratiosofthemaximumlateral
displacementtosettlementhavecometoagoodagreement,exceptinthe
primarystagewhenthemonitoredsettlementoccurredwithoutany
monitoredlateraldisplacement.Asexplainedinaprevioussection(4-5),
thecalculatedperformanceconfi㎜sthefactthatthebreakwater
fo㎜dationhasstablydeformedwithoutImyindicationoffailure,according
totheeffbctivestresspathsfortheelementsofthemarinefoundation.In
、F∫8.26,themonitoredrelationsshowasaferdeformationthanthe
calculatedones;thatis,themonitoredsettlementtolateraldisplacement
ratioexceedsthatofthecalculation.Therefore,thestabilityofthemarine
foundationduringthebreakwaterrestorationhasbeenconfi㎜edbythe
strongsuppomhecalculatedpe㎡o㎜anceprovides.
ForSectionC,themaximumsettlementmeasuredby8P2andthe
maxim㎜lateraldisplacementmeasuredbyIMontheseasideareplotted
inF'8.27ro/withthecorrespondingcalculatedpe㎡ormance,andthe
maximumsettlementmeasuredby∫P3andthemaximumlateral
displacementmeasuredby刀>30ntheharborsideareplottedinF'8.27
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Fig.27S・tt1・m・ntL・t・・alDi・placem・ntP・面 ㎜ ㎝ce(Secti・nC);
(a):SeaSide,(b):HafborSide
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rわ1,撮sowi山thecorrespondingcalculatedp曲㎜ance.hl血esefigures,
山estabilityof山ema血efoundationinSectionCisalsoco㎡i㎜edbythe
calculatedpe㎡o㎜allce,inthesamewayas山at鉛rSectionBexplained
above.
9・6.Conclusions
Coupledstress-nowanalysesinte㎜sof血eelasto-viscoplasticfinite
elementmethodarepe㎡onned.Thedefo㎜ationofama血efoundation
groundsu切ectedtobreakwaterconstnlctionisnumericallyinvestigated,
andthecalculatedresultsarecomparedwiththemonitoredsettlementand
lateraldisplacements.ThefoUowingconclusionscanthenbemade:
(1)Thecalculatedsettlementofthefbundationbeneaththecaissondueto
breakwaterconstnlctioniscontrolledbythereinforcementeffbctof
∫CP,whereasapredominantsettlementtakesplaceattheboundary
betweentherei㎡orcedandunrei㎡orcedareas.
(2)Accordingtothecalculatedperformance,theexcessporewater
pressureisa㎞ostfullydissipatedbyayeara丘er血ecompletionof
thebreakwaterconstnlctionbecauseof血ehighpe㎜eabilityof山e
siltlayers.Inadditiontotheseresults,sincethesecondary
consolidationofsiltisnotsoremarkable,thelong-te㎜settlementof
thismarinefoundationwillnotbecomeaseriousissue.
(3)Lateralgroundmovementmainlyoccursduetothesettingandfilling
ofthecaisson,andtotheconstnlctionoftheamlorunitswithapeak
valueattheboundarybetweenthesandlayeroftheseabedandthe
aUuvialsiltdeposit.
(4)Thestabilityofthemarinefoundationgroundisnumerically
investigatedbytheeffectivestresspathsofthesiltlayers.Thestress
stateofthefbundationgroundduringthebreakwaterconstmctionis
stableandshowsnoindicationsoffailure.
一166一
(5)Thecalculatedperfo㎜anceofthesettlementcanpredictthe
monitoredsettlementwithaslighttendencytowardunderestimation,
consideringthedifficultyofmeasurement.Inregardstothelateral
groundmovement,adiffbrencecanbeseenintherestrictioneffbctof
thesandlayers.However,thecalculatedandmonitoredresultsare
qualitativelyingoodagreement.
(6)Themonitoredmax㎞umsettlement-lateraldisplacementrelations
confirmthestabilityofthemarinefoundationgroundduring
breakwaterconstructionwithsignificantsupportfromthecalculated
perfo㎜ance.
一167一
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Conclusions
ThemajorconclusionsobtainedinPart2aresummarizedasfbllows:
Inchapter7,aframeworkofassessingthelateralgroundmovement
isproposedbasedontheelasto-viscoplasticfiniteelementanalysis.Firstly,
degreeofpartialdrainageisdefinedbytimefactor,intermsoftherateof
loadingandtherateofconsolidation.Secondly,theratioofthevolume
gainedinlateraldefb㎜ationto山atlostinsettlement,y謁isintroduced.
Thereafter,ithasbeenshownthatthelateralgroundmovementcanbe
est㎞atedbythet㎞efactor,VダVρand血eratioofthewidthofloadingto
出ethic㎞essofdefo㎜edso丘claylayer,BIH.
Basedontheassessmentproposedinthischapter,theload-lateral
displacementperfo㎝ancesdataaroundtheworldaregatheredfor
discussion.Itisshownthatthenatureorstratificationoftheso食soilhas
clearimpactonthedefo㎜ationbehavior,i.e.,thatis,detedorationof
foundationrigidityissignificantf6rweaksoftfoundations,consistingof
peatororganicclay,ontheotherhand,forstiffclayfoundation,no
reductioninthefbundationrigidityoccursevenduringtheloadingPeriod.
Inchapter8,defo㎜ationanalysisofreclaimedmarinefoundationis
perfo㎜ed.Koshienreclaimedlandhasbeenconstmctedinthis5yearsby
dumpingsandandgravel.Theprocessofdefo㎜ationofthemarine
foundationsu切ectedtothisreclamationworkisnumericallyinvestigated
by血ecoupledstressnowanalysisinte㎜softheelasto-viscoplasticfinite
elementmethod.Emphasisisplacedonthefollowingthreefactors;(1)
geometricalconditionofthefoundation;(2)materialpropertiesofthe
foundation;and(3)theexactmodelingoftheconstructionsequence.
Reliablenumericalanalysiscanbepe㎡b㎜edonlywhenthesethreefactors
aresatisfactorilymodeled.Inthischapter,afterexplainingindetailhowto
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detemlinetheparametersconstitutivemodelrequires,thecalculated
perfb㎜anceisdiscussedandtheobservedsettlement,1ateraldisplacement
profilesofthefoundationandthegeneration/dissipationprocessofexcess
porewaterpressurearecomparedwiththecalculatedresults.
Thedefo㎜ationofthemadnefoundationwascalculatedbytaking
intoaccounttheeffectivestresspathofclayelementsofthefoundation.It
hasbeenshownthatthiscalculatedpe㎡b㎜ancecanpredicttheobserved
settlementprofilesoftheseabedandthecrestofthediluviallayersand
lateraldisplacementprofileswithdepthexactly.However,the
characteristicsofthediluvialclaywhichushaUyremainsoverconsolidated,
thatis,estimationofplasticyielding(pcevaluation),secondary
compressioninoverconsolidatedregionandthegeneration/dissipation
processofexcessporewaterpressure,shouldbefurtherinvestigated.
Illchapter9,defo㎜ationof出ema血efoundationsubjectedtothe
breakwaterconstnlctionisanalyzedbytheelasto-viscoplasticfiniteelement
method.Thecalculatedperfo㎜anceconfi㎜thatthestressstateofthe
foundationkeepsstableandthereinfbrcementeff6ctofdenselycompacted
sand(5CP)iseff6ctiveoncontrollingthesettlementofthebreakwater
foundation.Compadngthecalculatedpe㎡o㎜anceswiththeobserved
settlementandlateraldisplacementprofiles,bothresultsarequalitativelyhl
goodagreement,consideringthedifficultyofdirectmeasurementof
de鉛㎜ationinthesea.Finally,itshouldbeemphasizedthatthemonitored
maximumsettlement-1ateraldisplacementrelationsconfi㎜thestability
ofthebreakwaterfoundationattheconstnlctionsite,withastrongsupport
丘omthecalculatedperfo㎜{mce.
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